1. The ability of phlorrhizin to inhibit the galactosylation of glucose was re-examined with Golgi membrane vesicles purified from rat mammary gland, and extended to the galactosylation of several glucose analogues and N-acylglucosamines. 2. The inhibition is ascribed, contrary to previous conclusions, to a general annealing of leaky membranes comprising a minority of the vesicles. 3. Three thiol reagents were able to inhibit the galactosylation of N-acylglucosamines with less, or no, inhibition of galactosylation of glucose. This demonstrates the existence of a Golgi membrane carrier that distinguishes between glucose and N-acylglucosamines.
The homogenization of lactating mammary tissue yields vesicles that are derived by the pinching-off of Golgi membranes. Studies of such vesicles in crude and in purified preparations have shown that they contain soluble a-lactalbumin in contact with a galactosyltransferase (EC 2.4.1.22) that is attached to the membrane with its active site facing the lumen (Brodbeck & Ebner, 1966a; Coffey & Reithel, 1968a,b; Jones, 1972; Kuhn & White, 1975 , 1977 . Separate experiments with the soluble galactosyltransferase of bovine and human milk have shown that a-lactalbumin is essential for the galactosylation of glucose but is generally unnecessary, or in certain cases even inhibitory, for the galactosylation of N-acylglucosamines (Brodbeck & Ebner, 1966b; Brew et al., 1968; Schanbacher & Ebner, 1970; Kitchen & Andrews, 1972; Kuhn et al., 1980) . When the substrates glucose and UDPgalactose are added to suspensions of vesicles they apparently penetrate the membrane to reach the active site of the enzyme, but the product lactose is mostly retained within the lumen. However, a small proportion (10-15%) of vesicles appear to permit the passage of other small molecules insofar as they lose the newly-synthesized lactose and galactosylate N-acylglucosamines including di-N-acetylchitobiose and bis-N-sebacoylglucosamine. These are referred to as leaky vesicles. A similar proportion of the vesicles admit large molecules insofar as they also galactosylate ovalbumin, which carries a terminal Abbreviations used: bis -N-sebacoylglucosamine, NN'-decane-1, 10-dioyl-bis-(2-amino-2-deoxy-D-glucopyranose); Tes, 2-I [2-hydroxy-1, l-bis(hydroxymethyl)-ethyllaminoIethane sulphonic acid.
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Evidence for a specific glucose carrier in the Golgi membrane was previously inferred from the inhibition of lactose synthesis in crude particulate preparations by phlorrhizin and phloretin. These two substances are well-known inhibitors of glucose transport across the membranes of a variety of vertebrate cell types. Such inhibition was markedly less (phloretin) or negligible (phlorrhizin) in the presence of Triton X-100, which destroys membrane barriers (Kuhn & White, 1975) .
The present experiments, carried out with purified preparations of Golgi membrane vesicles, confirm and extend the inhibition of galactosylation by phlorrhizin, but show that this can no longer be unambiguously ascribed to a specific action upon a glucose carrier. On the other hand, the existence of such a carrier can be adduced from the differential sensitivity of different galactosylations to thiol reagents.
Materials and Methods
The preparation of membranes, the design of the assays, and most of the materials used have been described previously (Kuhn & White, 1977; Kuhn et al., 1980) . Golgi membrane vesicles were used within 3 h of preparation except in experiments which included Triton X-100, where preparations stored for a few days at -180C were sometimes used. Details of reaction mixtures are given in the legends to Figures p-Chloromercuriphenyl sulphonate and 5,5'-dithio-bis-(2-nitrobenzoic acid) were obtained from the Sigma (London) Chemical Co., Poole, Dorset, U.K. 5-Thio-D-glucose and 6-deoxy-D-glucose were from Koch-Light Laboratories, Colnbrook, Bucks., U.K. 6-Deoxy-6-chloro-D-glucose was a gift from Dr. R. Khan, Philip Lyle Research Laboratory, The University of Reading, Whiteknights, Reading, U.K., and bovine a-lactalbumin was kindly given by Dr. T. E. Barman, National Institute for Research in Dairying, Shinfield, Reading, U.K.
Results
Phlorrhizin inhibition of galactosylation of glucose and glucose analogues Fig. la shows that the galactosylation of Dglucose, 5-thio-D-glucose and 6-deoxy-6-chloro-Dglucose is strongly inhibited by phlorrhizin. 6-Deoxy-D-glucose showed similar reactivity and similar inhibition by phlorrhizin (results not shown).
In separate experiments on preparations lysed with Triton X-100 (0.1%) the galactosylation of each of these sugars was found to be wholly dependent on the presence of added bovine a-lactalbumin (1 mg/ml).
Two types of experiment were carried out to see whether the inhibition by phlorrhizin was due merely to the rupture of the vesicles and consequent loss of a-lactalbumin. Firstly, vesicles that had been charged with luminal ['4C]lactose, by prior incubation with galactose plus glucose, were exposed to 5 mM-phlorrhizin for 10min at 370C before being collected by sedimentation. The phlorrhizin caused the loss of only about 8% of the lactose, insufficient to account for the inhibitions seen in Fig. 1 .
Secondly, the ability of vesicle preparations to galactosylate N-acetylglucosamine, N-butyrylglucosamine and phenyl-JJ-glucoside, none of which reactions require a-lactalbumin, was also studied in the presence of phorrhizin. Since these artificial galactosyl acceptors are believed to react only with leaky vesicles, any rupture of the membrane brought about by phlorrhizin should increase their galactosylation, as occurs with detergent rupture (Jones, 1972; Kuhn et al., 1980) . However, with each acceptor a marked inhibition of galactosylation took place (Fig. lb) . Therefore phlorrhizin does not cause leakiness of the vesicle membrane. Added a-lactalbumin interacts with the galactosyltransferase of very leaky vesicles to inhibit its reactivity towards N-acetylglucosamine and phenyl-flglucoside (data not shown). We observed that this resulted in an enhanced sensitivity of the residual activity towards phlorrhizin. Results in Fig. lb are shown for phenyl-f,-glucoside with a-lactalbumin, and for N-acetylglucosamine both with and without a -lactalbumin. Phlorrhizin did not appreciably inhibit the galactosylation of these substrates by preparations lysed with Triton X-100, indicating that its site of action is primarily at the membrane. Other galactosyl acceptors that were similarly affected by phlorrhizin but were investigated in less detail included N-hexanoylglucosamine, pnitrophenyl-,f-glucoside, di-N-acetylchitobiose, bis-N-sebacoylglucosamine and ovalbumin. Concentration ofp-chloromercuriphenyl sulphonate (#M) Fig. 2 . Effect of p-chloromercuriphenyl sulphonate on the galactosylation of (a) SmM-glucose (0) and 10mM-N-acetylglucosamine (0) by unlysed Golgi membrane vesicles, and (b) SmM-glucose (0) and lOmM-N-hexanoylglucosamine (0) by lysed Golgi membrane vesicles Reaction mixtures were appropriately modified from the composition described in the legend to Fig. 1 . Reactions (10min) were started by the addition of UDP-[l4Clgalactose to mixtures that had been preincubated for 5min at 370C. Reaction mixtures with lysed vesicles contained Triton X-100 (0.25%) and a-lactalbumin (1 mg/ml).
Inhibition ofgalactosylation by thiol reagents
The galactosyltransferase of human and bovine milk contains an essential thiol group and can be inhibited with p-chloromercuribenzoate, 5,5'-dithiobis-(2-nitrobenzoic acid) and N-ethylmaleimide, but not with iodoacetic acid or iodoacetamide (Kitchen & Andrews, 1974; Magee & Ebner, 1974) . We have found similar inhibitions with the rat mammary enzyme, although we have used p-chloromercuriphenyl sulphonate in place of the less polar p-chloromercuribenzoate. Fig. 2a shows that vesicle preparations exposed to low concentrations of p-chloromercuriphenyl sulphonate are markedly inhibited in their ability to galactosylate N-acetylglucosamine but not in their activity towards glucose. Yet when Triton X-100 was introduced to remove membrane barriers, p-chloromercuriphenyl sulphonate was equally inhibitory to the galactosylation of both glucose and N-hexanoylglucosamine. The substitution of N-hexanoylglucosamine for N-acetylglucosamine in this experiment was dictated by the following considerations. For the galactosylation of glucose in the presence of Triton X-100 it is necessary to add a-lactalbumin. Since this would affect, by adsorption, the low concentration of p-chloromercuriphenyl sulphonate it was essential to add a similar amount of alactalbumin to the tubes that contained N-acylglucosamine. This in turn necessitated the use of N-hexanoylglucosamine, the galactosylation of which, unlike that of N-acetylglucosamine, is not Vol. 188 . 2  94  110  83  107  62  49  30  22  35  23  38  21  37  12 inhibited by a-lactalbumin (Kuhn et al., 1980) . Table 1 shows the results of two identical experiments in which the ability of p-chloromercuriphenyl sulphonate to inhibit the galactosylation of various analogues of glucose and of N-acetylglucosamine was examined in the absence of Triton X-100. The galactosylation of glucose and 5-thioglucose was inhibited little or not at all, while that of 6-deoxy-6-chloroglucose was partly inhibited. By contrast the galactosylation of all the N-acylglucosamine derivatives was strongly inhibited. Figs. 3 and 4 show similar experiments carried out with the thiol reagents 5,5'-dithiobis-(2-nitrobenzoic acid) and N-ethylmaleimide. Although some inhibition of glucose galactosylation was observed at most concentrations, there was always a markedly greater inhibition of the galactosylation of N-acetylglucosamine. At the concentrations at which these inhibitors were used no problems were encountered with adsorption by a-lactalbumin in the presence of Triton X-100.
Discussion
The existence of a specific glucose carrier in the Golgi membrane can be inferred from the observation that vesicles readily utilize low concentrations of glucose while efficiently retaining lactose at, presumably, high internal concentration. The size difference between these two sugar molecules cannot account for much difference in diffusion coefficient, given even a proportionality of the coefficient to the reciprocal of the cube root of the molecular weight (Stein, 1967 Fig. 3 . Effect of phlorrhizin it is not necessarily surprising that substrate carriers should also be interfered with, but clearly phlorrhizin cannot be used as a tool to identify a specific glucose carrier. Similar doubt has been cast on the specificity of phloretin inhibition of non-electrolyte movement across the erythrocyte membrane (Owen et al., 1974) .
In view of the above conclusions we have turned to the use of thiol reagents to obtain new evidence for the presence of a glucose carrier. The experiments with p-chloromercuriphenyl sulphonate, 5,5'-dithiobis-(2-nitrobenzoic acid) and N-ethylmaleimide show that, in purified Golgi membrane vesicle preparations, glucose and its analogues are distinguishable from N-acylglucosamines in the ease with which they reach a pool of galactosyltransferase that is relatively inaccessible to these thiol reagents. It could be argued that N-acetylglucosamine does enter the Golgi vesicle but is inhibited from accepting galactose by the contained alactalbumin, the concentration of which is, however, unknown. Indeed, we have previously reported that in crude particulate preparations N-acetylglucosamine partly inhibits lactose synthesis, although somewhat less readily than in lysed preparations (Kuhn & White, 1975) . Moreover, studies of osmotic lysis have also shown that N-acetylglucosamine can penetrate the Golgi membrane, albeit less readily than glucose (M. D. White, N. J. Kuhn & S. Ward, unpublished work) . This argument cannot be applied to the other N-acylglucosamines since their ability to serve as galactosyl acceptors is not affected by a-lactalbumin. In conclusion, therefore, the above experiments with thiol poisons appear to demonstrate the presence of a relatively specific carrier for glucose.
